INTRODUCTION
Thousands of North Pacific right whales Eubalaena japonica were killed in the Gulf of Alaska and Bering Sea during intensive commercial whaling in the 1800s (Scarff 2001) . Sightings, primarily from whaling vessels, in the 1950s indicated that a small population of right whales persisted in the eastern North Pacific (Clapham et al. 2004 , Shelden et al. 2005 ).
However, illegal takes of 372 right whales by Soviet commercial whalers in the 1960s reduced the population to a precariously low level (Doroshenko 2000 . Since then, sightings of right whales have been rare in the eastern North Pacific , Clapham et al. 2004 , Shelden et al. 2005 . Small numbers have been regularly detected in the southeastern Bering Sea since their re-discovery on the central shelf in 1996 (Goddard & Rugh 1998) , with the largest number (19 individual whales) identified in the Bering Sea in 2004 . A recent study estimated that there are 31 right whales (95% confidence limits: 23 to 54) in the Bering Sea (Wade et al. 2010) .
Sightings of right whales have been even rarer in the Gulf of Alaska, even though the majority of catches in the 1800s came from this region (Townsend 1935 , Scarff 1991 , 2001 . From the 1960s through 2002, only 2 sightings of right whales occurred in the Gulf of Alaska: an opportunistic sighting in March 1979 near Yakutat Bay in the eastern Gulf (Shelden et al. 2005 ) and a sighting during an aerial survey for harbor porpoise in July 1998 south of Kodiak Island, Alaska, USA (Waite et al. 2003) . Both sightings occurred in shelf waters less than 100 m deep. Here we describe 3 additional visual sightings of North Pacific right whales from National Oceanic and Atmospheric Administration (NOAA) ship surveys in the Gulf of Alaska from 2004 to 2006, as well as 1 passive acoustic detection. We also describe an opportunistic sighting from a commercial fishing vessel in 2006. This triples the number of right whale sightings in the Gulf of Alaska over the last 40 yr from 2 to 6. All of the visual sightings were in the vicinity of Albatross Bank on the south side of Kodiak Island. As an initial investigation of habitat use, active acoustic backscatter and zooplankton data from the 2004 to 2006 ship surveys were examined to describe the macrozooplankton prey field in the vicinity of 3 of the right whale encounters. (2004) first reported in the present study, as well as a 1998 visual detection (Waite et al. 2003 ) and a 2000 passive acoustic detection (Mellinger et al. 2004) . For the locations: type of symbol represents the source and color represents the month (see key). The shaded blue area represents right whale critical habitat designated under the US Endangered Species Act in 2006
MATERIALS AND METHODS

Surveys.
In 2004 and 2006, active acoustic fish surveys were conducted from the NOAA ship 'Miller Freeman.' The survey area was designed to cover Barnabus Trough, a canyon that cuts through the Albatross Bank area on the southeastern side of Kodiak Island (Fig. 1b) . The surveys were conducted using a fine-scale parallel line pattern with the lines spaced 3 nautical miles (n miles; 5.6 km) apart (Fig. 2a,c) . A single, experienced marine mammal observer scanned for whales by eye from either the flying bridge (during good weather) or the bridge (during relatively poor weather). When possible, species identification was confirmed with 25-power binoculars.
Additionally, broad-scale surveys for humpback whales Megaptera novaeangliae were conducted in the Gulf of Alaska as part of the Structure of Populations, Levels of Abundance, and Status of Humpback Whales (SPLASH) project in 2004 (on the NOAA ship 'McArthur II') and in 2005 (on the NOAA ship 'Oscar Dyson'). In both years, transects cut across Albatross Bank, an area of relatively high humpback whale density. On each survey, teams of 3 marine mammal observers scanned for whales using 25-power binoculars. On the 2004 'McArthur II' survey, Navy surplus sonobuoys were opportunistically deployed in regions suspected to contain blue whales Balaenoptera musculus and/or right whales, providing acoustic monitoring of right whale vocalizations. Directional frequency and ranging (DIFAR) sonobuoys were used to triangulate the positions of calling whales. When weather permitted, rigid-hulled inflatable skiffs were deployed for close approaches to whales to collect photographs, biopsy samples, and, where possible, fecal samples. Genetic analyses were conducted using methods described by LeDuc et al. (2001) . Fecal hormone metabolite analysis was conducted using methods developed for North Atlantic right whales Eubalaena glacialis (Rolland et al. 2005) . Active acoustic backscatter and Methot tows. Active acoustic fish and zooplankton surveys were being conducted from the NOAA ships 'Miller Freeman' (in 2004 and and 'Oscar Dyson' (in 2005) at the time of the right whale encounters. Active acoustic backscatter data were collected on both ships at a vessel speed of 12 knots during daylight hours with calibrated Simrad EK60 echosounders operating at 18 and 120 kHz. Backscatter data in the vicinity of the right whale sightings on Albatross Bank and Barnabus Trough were used to assess the biomass of potential right whale prey. Transducers on both ships were located on retractable centerboards, and estimates of backscatter were from 12 m below the surface to 0.5 m off the sea floor. Much of the backscatter in this area is from fish (Wilson et al. 2003) , which are unlikely to be potential prey for right whales (e.g. Baumgartner & Mate 2003 , Gregr & Coyle 2009 ). To exclude backscatter from fish and produce a backscatter index representative of right whale prey (planktonic organisms such as copepods and euphausiids), a dual-frequency technique was used. The basis for the technique is that active acoustic backscatter at 18 and 120 kHz is strongly frequency dependent for planktonic organisms such as copepods and euphausiids, but generally exhibits much less frequency dependence in fish (e.g. Gauthier & Horne 2004 , Lavery et al. 2007 . Although it is difficult to distinguish individual species or taxa with active acoustics, fish and macrozooplankton can be distinguished in many cases due to the strong frequency dependence of plankton (e.g. Miyashita et al. 1998 , De Robertis et al. 2010 .
Volume backscatter was averaged into 5 ping wide by 5 m deep cells. Cells in which the volume backscattering was at least 12 decibels (dB) higher at 120 kHz relative to 18 kHz (i.e. >15.8-fold higher at 120 kHz) and in which a signal to noise ratio >10 dB was observed (cf. De Robertis & Higginbottom 2007) were retained for further analysis. This procedure removed fish from the echograms but retained a diffuse scattering layer attributed to planktonic organisms. The nautical area scattering coefficient (s A , m 2 n mile -2 ), which is a linear measure of the backscatter strength (MacLennan et al. 2002) , was integrated at 120 kHz throughout the water column every 0.5 n mile (0.93 km) along the vessel track, and plotted on a map of the area.
The scattering layers attributed to planktonic organisms were opportunistically sampled in Barnabus Trough (Fig. 1b) . Water depth was ~170 m. The ship had just passed through a large concentration of humpback whales (minimum of 32 ind.) when 1 right whale was observed near 2 additional humpbacks. The fisheries active acoustic survey briefly broke effort to obtain photographs of the right whale; however, the whale was not observed again due to the high humpback concentration and limited availability of dedicated search time. (Fig. 1b) . Marine mammal observers searched visually for right whales in the vicinity, but only humpbacks were seen. Sighting conditions were poor. During the same cruise, sonobuoys were deployed at 20 other locations throughout the Gulf of Alaska, both on and off the shelf, without detecting right whale sounds at any other location.
passive acoustic detection with sonobuoy
sighting
On 6 August 2005, the 'Oscar Dyson' was conducting a whale survey transect across Albatross Bank. Two skiffs were deployed in the morning amidst a large aggregation of humpback whales. In the afternoon, while photographing humpback whales, a single right whale was detected from 1 of the skiffs (by O. Vasquez) at 14:16 h and at 57°0.61' N, 152°37.02' W in Barnabas Trough (Fig. 1b) . The bottom depth was 162 m. Weather conditions were good (Beaufort 1). Data collected included full photographs of both sides of the whale, a biopsy tissue sample, and a fecal sample. The right whale was within 250 to 500 m of 10 to 20 humpback whales, as well as 2 fin whales Balaenoptera physalus.
The whale was easy to approach for photographs and biopsy sampling and a total of 1 hr 20 min was spent observing it. During that time, the animal swam at ~5 kn (9.3 km h -1 ), averaging dives of ~7 min in length (range from ~2 to 9 min). No evidence of feeding at the surface (i.e. surface skimming with head out of the water) was seen, but the presence of a fecal sample indicated recent feeding. The 'Oscar Dyson' followed the track of the whale to active acoustically map prey fields.
The whale was genetically identified as a male. The mtDNA haplotype of the whale occurs in 2 out of 19 whales sampled in the Bering Sea from 1997 to 2004, but microsatellite DNA genotyping analysis confirmed that this was a different whale than any of the whales sampled in the Bering Sea (LeDuc et al. 2001 , Wade et al. 2010 . Nor did the whale match any of the previously sampled whales as a potential parent -offspring relationship.
The fecal sample appeared to consist mostly of broken pieces of zooplankton carapaces; however, none were large enough to allow identification of species. Fecal hormone values were 20 ng g -1 estrogen, 4743 ng g -1 androgens (testosterone and metabolites), and 890 ng g -1 progesterone. Based on measured values in North Atlantic right whales (Rolland et al. 2005) , these values are consistent with an immature male: the relatively low estrogen and high testosterone values are consistent with values from males, but the testosterone value is well below that of adult males and in the middle of the range seen for juvenile males (≤9 yr of age). Corticosterone was 26 ng g -1 , a value again consistent with an immature male, and much lower than measured in calves and yearlings or than that measured in 1 North Atlantic right whale suffering stress as a result of entanglement and injury (Hunt et al. 2006 ). This suggests the whale was an immature male between the ages of 2 and 9 yr, and that it was not under the kind of stress observed in an injured whale.
On 1 September 2006, a right whale was detected from the 'Miller Freeman' (by K. R. Hough) at 10:26 h at a position of 56°47.46' N and 152°24.96' W during Beaufort 3 sea conditions. The ship broke from the active acoustic survey transect line and approached the right whale for photographs and video recording. Good quality photographs were taken of the right side of the head and body and of the flukes, and a video recording of several surfacings was made. No evidence of feeding at the surface was seen. The whale slowed and made some variable movements when approached. The ship continued to collect active acoustic data while approaching the whale for photographs. The bottom depth associated with the active acoustic data collected near the whale was ~177 m. A Methot net trawl was conducted in the vicinity of the initial location of the whale. Observations of the whale were ended at 11:34 h and 56°46.75' N and 152°25.61' W.
opportunistic sighting
On 24 September 2006, the FV 'Trailblazer' was fishing for halibut near the shelf break on Albatross Bank, near Barnabus Trough. Personnel on the vessel saw a whale illuminated by the vessel's lights at 23:45 h at a position of 56°34.9' N and 151°56.5' W (W. Baker pers. comm.; Fig. 1b) . Water depth was ~188 m. A clear view of the whale was seen as it sounded: the flukes were reported to be triangular and all-black, and different from other species known to the fishermen (i.e. humpback and gray whales Eschrichtius robustus). They identified the species as a right whale. Our confidence in the accuracy of the identification of the flukes is relatively high, given that they immediately referred to a photographic identification guide (designed by NOAA and the Marine Conservation Alliance) distributed to Alaska fishermen to help them distinguish right whales from humpback and gray whales. 
Photo-identification results
Each
Active acoustic backscatter and zooplankton data
In 2004, the majority of Barnabus Trough had a relatively low density of zooplankton backscatter, similar to that recorded in the shallower locations on Albatross Bank (Fig. 2a) . Higher densities were found in a few locations at the northern end and along the southeastern edge of the trough. The right whale was seen adjacent to one of only 2 locations with very high zooplankton backscatter.
The echogram of 120 kHz backscatter in the vicinity of the right whale location in 2004 showed a strong layer of demersal backscatter and fairly strong nearsurface backscatter (Fig. 3a) . Methot trawl catches The strongest backscatter at ~175 m in all 3 panels is from the seafloor. Acoustic backscatter from dense aggregations of nearbottom zooplankton is evident within ~50 m of the bottom at each sighting location through the near-bottom layer in other nearby locations in Barnabus Trough showed they were dominated by adult euphausiids primarily of 2 species, Thysanoessa spinifera and T. inermis. In the tow (Stn 79) on the eastern flank of the trough (139 m water depth), T. inermis juveniles (mean total length = 12.1 mm) comprised over 96% of the catch numerically, and the larger T. spinifera (mean total length = 22.4 mm) made up ca. 2% of the catch. Large calanoid copepods were conspicuously absent from the sample. At the tow (Stn 48) closer to the axis of the trough (161 m water depth), the prey field was somewhat different. Again, T. inermis comprised the majority of the individuals (> 75%). However, their size distribution was bimodal, with a longer median length than at Stn 79 (22 mm). Large calanoid copepods (C5) Neocalanus cristatus comprised ca. 3% of the catch. The hauls were not taken in the same location as the right whale, and the hauls did not target the near-bottom layer. In 2005, very high densities of zooplankton backscatter were observed at the northern end of Barnabus Trough where the right whale was seen (Fig. 2b) . The area immediately around the right whale was an extensive area of the highest density backscatter signal. Zooplankton backscatter was lower in the shallower areas of Albatross Bank. In the vicinity of the right whale, the bottom depth was ~162 m, and 3 major layers were seen. A prominent sound-scattering layer was present near the bottom in all cases (Fig. 3b) . This layer was much stronger at 120 kHz than at 18 kHz, which is consistent with backscattering from largebodied zooplankton such as copepods and euphausiids (De Robertis et al. 2010) . A layer of pelagic fish (juvenile pollock Theragra chalcogramma or capelin Mallotus villosus: identifications are based on trawls during the 2004 and 2006 surveys, C. Wilson unpubl.) was seen between ~75 and 140 m. A near-surface layer of unknown composition (but suspected to be a mixture of jellyfish, fish, and macrozooplankton) was visible at all frequencies to a depth of ~55 m.
In 2006, the majority of Barnabus Trough had relatively high densities of zooplankton backscatter, particularly in the middle of the trough (Fig. 3c) . The highest densities were found in a number of locations both at the northwestern and southern ends of the trough. The right whale was seen at the edge of what was the largest measured patch of the highest density zooplankton backscatter at the southern end of the trough.
The active acoustic data collected as the ship approached the right whale in 2006 were similar to the data from 2005. In the vicinity of the whale, the bottom depth was ~177 m and, again, 3 scattering layers were seen. A near-surface layer visible at all frequencies to a depth of ~55 m was likely composed of jellyfish, fish, and macrozooplankton. A fairly low backscatter layer of juvenile pollock was observed at mid-depth, and a third very dense layer was observed near the bottom (Fig. 3c) . Based on the frequency response (i.e. the ratio of backscattering at different frequencies), this near-bottom layer was likely euphausiids or macrozooplankton. The backscatter values for this layer were very high, and values for this particular part of the transect were among the highest observed. Barnabus Trough generally has much higher backscatter at 120 kHz than other areas of the Gulf of Alaska shelf (A. De Robertis unpubl. data), and net tows through these layers usually result in samples dominated by euphausiids.
The Methot trawl conducted near the whale targeted this layer, fishing at about 10 m off bottom in the strong demersal layer (e.g. Fig. 3c ). This sample contained a mixture of euphausiids and late-stage calanoid copepods. The euphausiid component consisted of juvenile Thysanoessa inermis (mean total length = 13.9 mm, 22% by number) and larger T. spinifera (mean total length = 26.3 mm, 7% by number) which were full of depot lipids. The sample also had high numbers of copepods (59% by number) that were presumably in a diapause state. The copepod assemblage was 26% Neocalanus cristatus (C5), 14% N. flemingeri (C5), 10% N. plumchrus (C5), and 10% Calanus marshallae (C5). All copepods appeared rich in depot lipids. Chaetognaths were another abundant taxon (9%), but probably did not contribute to either the active acoustic returns or the whale diet.
DISCUSSION
We report 4 visual sightings of right whales south of Kodiak Island from 2004 to 2006, which triples (from 2 to 6) the total number of visual sightings of right whales seen in the Gulf of Alaska since the 1960s. All of these recent sightings were observed in association with dense zooplankton layers in Barnabus Trough. This suggests that Barnabus Trough is an important feeding habitat for right whales in the Gulf of Alaska.
Current distribution and abundance
Including the detections reported here, all of the right whales found since 1998 have occurred in shelf waters adjacent to Kodiak Island except for a passive acoustic detection from a single deep-water recorder (discussed below). In contrast, 19th century whaling records suggest that the great majority of catches occurred in pelagic waters of the Gulf of Alaska (Townsend 1935 , Shelden et al. 2005 . In the early 20th century, whalers at the Port Hobron shore station reported 13 right whale catches or sightings near Kodiak Island from 1924 to 1937 (Reeves et al. 1985 , Brueggeman et al. 1986 , Shelden et al. 2005 . All of the whales except one were in shelf waters, and 8 of the 13 were located in the Barnabus Trough area (Fig. 1a) , although this may be due to the Port Hobron station being located on Sitkalidak Island near Barnabus Trough and to the limited searching range of shorebased whaling vessels. Catches occurred from June through September (n = 11), with 2 unsuccessful chases reported in May. North Pacific right whales are thought to migrate to lower latitudes in winter, although their migratory destinations are not well known (Clapham et al. 2004) . Consistent with this migration, passive acoustic recorders on the Bering Sea shelf have detected right whale calls only from May to November (Munger et al. 2008) .
In the early 1960s, 3 right whales were taken in August south of Kodiak Island during Japanese scientific research cruises, and sightings from 1941 to 1968 occurred in May (n = 3), June (n = 43), July (n = 30), and August (n = 1) in slope and oceanic waters east and west of the island (Shelden et al. 2005) . Soviet whalers killed 251 right whales between 1963 and 1966 in pelagic waters southwest of Kodiak Island (Doroshenko 2000) . These whales were near seamounts that are 500 to 1000 m below the surface in areas where the seafloor is 5000 to 6000 m deep (Shelden et al. 2005) . The biologist on board one of the whaling ships reported that the Soviet whalers used 2 whaling ships, each of which deployed ~20 catcher vessels to search for whales, and that every right whale seen during the period 1963 to 1966 was killed (N. Doroshenko pers. comm.). The yearly catches were 141 (1963 ), 87 (1964 ), 20 (1965 ), and 3 (1966 Doroshenko 2000) , with essentially identical whaling effort in each year, suggesting that the dramatic decline in catches reflects the severe depletion of the population that occurred. The large number of catcher vessels allowed them to search a broad swath of the ocean, which likely explains why the whalers were able to continue to find the whales even when rare. Additionally, the whales may have been relatively easy to find when rare because the locations of catches described by Doroshenko (2000) indicate that the distribution of the animals was fairly aggregated.
This severe depletion is reflected in the rarity of right whale detections in the Gulf of Alaska today. In recent decades, the only detections of right whales in pelagic waters of the Gulf of Alaska came from passive acoustic recorders. These detections of calls were exceptionally rare; instruments in 7 widespread locations detected right whale calls from only 2 of the locations on only 6 days out of a total of 80 months of recordings (Mellinger et al. 2004) , and on only 5 days out of a total of 70 months of recordings from the 5 deep-water stations. The calls were heard at the deepwater station in the Gulf of Alaska ~500 km southwest of Kodiak Island on 5 days in August and September of 2000, but no calls were detected from 4 other instruments deployed in deep water farther east during 2000 and 2001 (Mellinger et al. 2004) . Calls classified as 'probable' right whales were detected from an instrument deployed on the shelf at the location of the aerial visual detection on Albatross Bank on 6 September 2000 (Waite et al. 2003) , but no calls were detected from 2 instruments deployed at the base of the continental slope off Albatross Bank just northeast of Barnabus Trough (Mellinger et al. 2004 , Munger et al. 2008 . As mentioned in 'Results: 2004 passive acoustic detection with sonobuoy', 20 sonobuoy deployments in 2004 throughout the Gulf of Alaska resulted in the detection of right whale calls in Barnabus Trough only. The lack of detection of right whales by passive acoustic recorders does not provide indisputable evidence that there were no right whales in the area, as the whales may not always vocalize or their calls may not always be detected by the automatic algorithms used. However, it is interesting to note the contrasting data from the southeastern Bering Sea where similar instruments on the middle shelf (<100 m depth) detected right whale calls on > 6 d mo -1 in July to October (Munger et al. 2008) , despite a population estimated to consist of only 31 ind. (Wade et al. 2010) . The lack of detections of right whales in pelagic waters of the Gulf of Alaska may still be partially due to a lack of survey and recording effort in those areas, but the lack of calls in passive acoustic monitoring suggests that right whales are very rare in pelagic waters today. More extensive coverage of shelf and nearshore waters of the Gulf of Alaska during previous ship and airplane surveys for cetaceans (e.g. Dahlheim et al. 2000 , Laidre et al. 2000 , Zerbini et al. 2006 , Hobbs & Waite 2010 , Rone et al. 2010 have not detected right whales other than the single detection near Kodiak Island by Waite et al. (2003) . Therefore, the Albatross Bank area represents the only location in the Gulf of Alaska where right whales have been repeatedly detected in the last 4 decades.
The whales photo-identified in 2005 and 2006 have not been seen in the Bering Sea. The genotype of the 2005 whale did not match any Bering Sea whales, and it was not a possible offspring match to any other whale. Historic catch and sighting data do not show any marked hiatus in distribution between the Gulf of Alaska and the Bering Sea (Shelden et al. 2005) , and to date, there has been no suggestion that different populations occur in each region. However, baleen whales often show strong matrilineal fidelity to feeding areas; these whales may have always used the Gulf of Alaska as a feeding area rather than another location. The whale sampled in 2005 was an immature male, and was therefore born after Gulf of Alaska whales had been severely depleted by illegal Soviet catches in the 1960s. This implies that either some successful reproduction by whales in the Gulf of Alaska, or some exchange with the Bering Sea has occurred that has gone undetected due to the small populations and the small sample sizes involved. Given the evidence from sighting surveys and passive acoustic recorders, there appears to be only a relict number of right whales in the Gulf of Alaska, fewer even than the small number of whales in the Bering Sea (estimated to be 31 whales; Wade et al. 2010) . It is likely that surveys in the Barnabus Trough and Albatross Bank area would discover additional whales, but given the rarity of the species there, it would probably not be a large number.
North Pacific right whale prey
North Pacific right whales are thought to feed primarily on large copepods (Gregr & Coyle 2009 ), and we observed dense aggregations of copepods and euphausiids in Barnabus Trough in summer. Stomach contents of North Pacific right whales in the Gulf of Alaska exist for only 3 right whales caught under scientific permit on 22 August 1961 south of Kodiak Island; these whales had all consumed Neocalanus plumchrus (Calanus plumchrus: Omura et al. 1969) . This was most likely a mixture of N. plumchrus and N. flemingerii, as the latter species had not yet been described or distinguished from the former. North Atlantic right whales target areas where dense aggregations of copepods are found above 200 m (Baumgartner & Mate 2003) . This may also be the case for North Pacific right whales. All 4 species of copepods captured in the near bottom layer in 2006 were likely in or entering diapause, an overwintering strategy used by calanoid copepods, as all of these species typically complete their annual feeding in spring and early summer and then migrate to depths of 400 to 2000 m (Miller & Clemons 1988 , Gregr & Coyle 2009 . Neocalanus spp. generally overwinter at much greater depths across the basin (Miller & Clemons 1988 , Miller & Nielsen 1988 , Mackas et al. 1998 or in deep depressions over the shelf (e.g. Prince William Sound). Dense layers of overwintering Calanus have been observed at the sill depths of deep basins in the California Current (Osgood & Checkley 1997) and around other bathymetric features in the Northwest Atlantic (Baumgartner & Mate 2003) . It is probable that both the euphausiids and copepods have become trapped in the troughs by the interaction of their diel or ontogenetic migrations and the circulation (Koslow & Ota 1981 , Mackas & Coyle 2005 .
The active acoustic backscatter data showed a dense near-bottom layer in all 3 years, and the right whales were found near the highest zooplankton backscatter. The dense near-bottom layers (~175 m in each case) were at a depth at which North Atlantic right whales are capable of foraging (Baumgartner & Mate 2003) , suggesting that the whales could be targeting the near-bottom layer. The 1 Methot trawl (in 2006 ) that occurred at the time and location of a right whale sighting had high densities of copepods and euphausiids, whereas other Methot trawls in Barnabus Trough did not contain many copepods. Euphausiids are typically abundant in Barnabus Trough throughout the summer (A. De Robertis unpubl. data). Although right whales in the western North Atlantic appear to specialize on copepods, there is limited evidence that right whales may also eat euphausiids or similar-sized decapod larvae, and Gregr & Coyle (2009) noted that their diet may be primarily a function of what they can efficiently capture and filter through their baleen, with prey preference secondary. Omura (1958) reported stomach contents of a right whale in the western North Pacific as containing primarily Calanus plumchrus (Neocalanus plumchrus + N. flemingerii), but also some Euphausia pacifica, although the E. pacifica may have been incidentally consumed with the primary prey (copepods). A North Pacific right whale caught by whalers from a British Columbia shore station in 1954 had stomach contents reported to be krill (Nichol et al. 2002) . Collett (1909) reported euphausiids half an inch (1.27 cm) long in a North Atlantic right whale, and in southern right whales there are reports of stomach contents consisting of E. superba (Matthews 1938 , Hamner et al. 1988 ) and the pelagic postlarvae of the crab Munida gregaria (Matthews 1932) , which are relatively large. Therefore, we cannot rule out that euphausiids may also be a prey of North Pacific right whales in Barnabus Trough.
Exceptionally dense near-bottom layers of copepods may be available to right whales beginning in late spring or mid-summer, and continuing until midwinter depending on the median time of population diapause for the different species (e.g. Miller & Clemons 1988 , Osgood & Frost 1994 . Gregr & Coyle (2009) noted that lipid-rich copepods are likely available to right whales in offshore surface waters of the Gulf of Alaska in spring and early summer, but suggested that foraging in late summer and fall (after the copepods begin to enter diapause) is likely to be primarily on the shelf or at the shelf-edge where diapausing copepods may be trapped and unable to migrate down to their maximum diapause depths. Historical locations of right whales on Albatross Bank occurred in all summer months (Fig. 1a) . Possible explanations include: interannual variability in the time that copepods leave the surface waters and enter diapause, and flexible feeding strategies by the whales (foraging on both surface and deep concentrations of copepods as well as other suitable prey items). There may also have been other prey-concentrating mechanisms active early in the summer, such as the interaction between diel vertical migration and trough circulation (e.g. Koslow & Ota 1981 , Allen et al. 2001 . It remains to be determined whether right whales currently use this area only in late summer, or whether their presence has simply gone undetected at other times.
Critical habitat
The US National Marine Fisheries Service (NMFS) designated critical habitat (as defined under the US Endangered Species Act) for right whales in the North Pacific within the Gulf of Alaska and southeastern Bering Sea in July 2006 (NMFS 2006; Fig. 1b) . This decision, in part, came from a determination that 'primary constituent elements' of habitat for the North Pacific right whale are species of large zooplankton in areas where right whales are known or believed to feed. It also came from a determination that there are likely critical threshold densities of zooplankton below which right whale feeding does not occur (e.g. Baumgartner & Mate 2003) , and in the absence of data which describe these densities, recent sightings of right whales (through 2005) were used as a proxy for the existence of suitably dense zooplankton patches. Given that there is no other location in the Gulf of Alaska where right whales have been seen repeatedly, it is clear that the Barnabus Trough/Albatross Bank area represents important habitat for North Pacific right whales in the Gulf of Alaska. Historically, sightings occurred throughout the Barnabus Trough/Albatross Bank area, and both sightings in 2006 were at the southern end of Barnabus Trough (Fig. 1) . Further research on the oceanography in this area, particularly on mechanisms that create dense patches of zooplankton, should be undertaken to better describe this important habitat for North Pacific right whales. 
